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BACKGROUND 


The  improvement  of  Composition  B  is  focused  on  eliminating  its  potential  for  set¬ 
back  induced  inbore  explosions  in  large  caliber  gun  systems.  The  approach  being 
followed  is  to  provide  an  improvement  at  each  of  four  steps  (flaws,  mechanical 
properties,  ignitability,  and  reaction  rate)  in  order  to  reduce  the  probability  of  the  incident 
progressing  through  the  sequence  of  events  that  would  lead  to  an  accident  (refs  1  and 
2).  Success  in  this  endeavor  would  make  a  Composition  B  type  formulation  acceptable 
in  new  high  performance  projectiles  in  addition  to  reducing  its  vulnerability  to  many 
other  hazard  situations. 

An  important  part  of  this  program  is  to  modify  the  physical  properties  of  Composi¬ 
tion  B  in  such  a  manner  that  its  mechanical  response  (during  launch)  to  a  flaw  induced 
collapse,  fracture,  or  shear  would  be  less  likely  to  stimulate  ignitions  that  result  in  inbore 
explosions.  It  has  been  demonstrated  that  Composition  B’s  ability  to  resist  fracture  can 
be  increased  by  a  factor  of  three  (refs  1  and  2).  However,  the  work  of  Machacek  et  al. 
(ref  3)  suggests  that  making  the  explosive  maleable  with  TNT  miscible  chlorowaxes  is 
an  approach  that  should  also  be  considered. 


APPROACH  AND  OBJECTIVE 

It  is  presumed  that  inbore  explosions  require  a  flaw  of  sufficient  magnitude  at  or 
near  the  base  of  a  projectile  that,  because  of  the  explosive's  mechanical  properties, 
permit  sudden  deformation  of  the  structure  in  response  to  inertial  setback  forces  of 
launch.  This  sudden  deformation  (collapse,  shear,  fracture,  whatever)  is  responsible  for 
the  development  of  an  initating  hotspot  through  friction  or  adiabatic  compression.  The 
property  of  interest  here  is  the  mechanical  beh<  /ior  of  cast  TNT  or  Composition  B 
during  high  speed  pressurization  at  the  interface  of  a  flaw  site.  The  behavior  cf  the 
explosives  under  these  conditions  is  indicative  of  the  heat  energy  that  can  be  developed 
by  dynamic  mechanical  deformation.  This  deformation  can  be  quantified  thereby 
providing  values  that  can  be  used  to  evaluate  the  potential  ior  mechanically  induced 
ignition  of  modified  TNT  and  Composition  B  formulations. 

Cast  Composition  B  and  TNT  are  porous  structures  (refs  1,  2,  and  ■'*•}.  Rapko  (ref  5) 
suggests  that  the  microvoids  in  these  structures  are  created  as  the  TNT  freezes  out 
from  the  melt.  Volume  differences  between  the  solid  and  its  melt  cause  crystals  of  TNT 
to  separate  from  each  other  during  crystallization  leaving  spaces  between  them.  He 
further  suggests  that  these  spaces  can  be  filled  with  TNT  miscible  additives  that  would 
modify  mechanical  properties  and  shock  sensitivity,  as  was  observed  by  Machacek. 
when  chlorowaxes  were  added  to  Composition  B  (ref  3). 
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Chlorowaxes  are  a  family  of  compounds,  among  others,  that  are  miscible  with  TNT. 
this  miscibility  is  the  reason  for  this  study.  When  TNT  is  melted  these  types  of  com¬ 
pounds  distribute  themselves  uniformly  throughout  the  melt  on  a  molecular  level. 
Microscopic  examination  suggests  that  when  the  melt  freezes  the  TNT  still  crystallizes 
out  in  its  normal  manner  as  TNT.  The  additive,  generally  but  not  necessarily,  a  liquid, 
separates  from  the  TNT  filling  the  spaces  created  by  the  explosive’s  liquid  or  solid 
volume  differential.  This  interpretation  suggests  several  possible  benefits.  A  liquid, 
coating  each  crystal  and  filling  naturally  occurring  microvoids  within  a  casting  has  the 
potential  of  functioning  as  a  lubricant  allowing  crystals  of  explosive  to  slide  past  each 
other  with  a  less  than  normal  buildup  of  thermal  energy.  Secondly,  it  is  quite  conceiv¬ 
able  that  an  additive  filling  up  the  pore  structure  and  wetting  individual  crystals  of  TNT 
and  RDX  may  act  as  an  energy  absorber  which  would  increase  the  minimum  ignition 
energy  requirement  and  make  the  explosive  less  vunerable  to  hotspot  initiation.  Filling 
the  empty  spaces  of  porosity  in  Composition  B  should  also  provide  a  means  of  control¬ 
ling  shock  sensitivity  (an  important  consideration  in  sympathetic  detonation  hazards).  It 
is  well  known  that  porosity  (a  function  of  density)  provides  ignition  sites,  whose  dimen¬ 
sions  and  numbers  participate  in  determining  an  explosive’s  level  of  sensitivity  to  shock. 

This  work  is  directed  toward  evaluating  the  effect  of  chlorowaxes,  as  repre¬ 
sentatives  of  TNT  miscible  additives,  on  the  mechanical  behavior  and  shock  sensitivity 
of  TNT  and  the  explosive  ingredients  of  Composition  B  to  determine  whether  or  not  the 
modifications  made  would  be  beneficial. 


PRODECURE  AND  RESULTS 

Chlorowaxes  are  expected  to  impart  a  structural  plasticity  to  castings  of  TNT  and 
Composition  B.  To  observe  this  property,  hardware  based  on  the  design  of  the  activator 
test  was  fabricated  (tig.  1 ).  An  excess  amount  of  explosive  is  cast  in  the  center  of  a 
steel  sample  holder.  The  normally  occurring  irregular  surface  and  piping  cavity  is 
machined  flat  to  leave  a  pellet  0.300-inch  long  by  0.502-inches  in  diameter.  This  sur¬ 
face  is  placed  against  a  steel  punch  containing  a  0.250*inch  diameter  orifice  which 
represents  an  open  ended  flaw  for  the  explosive  to  be  deformed  through.  The  pellet, 
tioating  between  two  punches,  is  pressurized  by  the  action  of  an  air  powered  hydraulic 
Miller  press,  deforming  and  driving  the  explosive  through  the  orifice  in  a  manner  related 
to  its  mechanical  properties.  The  exposive's  behavior  in  response  to  the  applied  forces 
is  monitored  with  a  piezo  force  gar,e  whose  output  is  recorded  with  a  Nicolet  Explorer  III 
digital  oscilloscope.  Ideally,  ran  travel  should  also  be  monitored  dunng  pressure 
loading.  In  lieu  of  this,  a  nonfragmenting  rigid  body  and  control  formulation  provide 
points  of  reference. 

The  experimental  TNT  and  Composition  B  formulations  were  made  with  three 
ehlorowax  compounds  (see  appendix),  identified  as  follows: 
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Code 

Chlorowax 

Chemical  formula 

A 

45LV 

c,2h!3ci3 

B 

57-60 

c,3h2A 

C 

70-200 

C„H„CI10 

Each  of  the  chlorowaxes  was  incorporated  with  TNT  or  RDX  and  TNT  to  make  the 
following  modified  TNT  and  Composition  B  type  formulations: 


TNT 

97.5% 

95.0% 

90.0% 

Chlorowax 

2.5% 

5.0% 

10.0% 

RDX 

60.0% 

60.0% 

60.0% 

60.0% 

TNT 

39.0% 

38.0% 

36.0% 

30.0% 

Chlorowax 

1.0% 

2.0% 

4.0% 

10.0% 

Each  experimental  formulation  is  Identified  with  its  chlorowax  letter  code  and  the 
percentage  used  in  the  fonnulation.  In  the  experimental  Composition  B  type  formula¬ 
tions  as  quantity  of  RDX  was  held  constant  at  60%  while  the  amount  of  TNT  compen¬ 
sated  for  the  chlorowax  content.  1 00%  TNT  was  the  control  for  the  modified  TNT 
formulations  and  RDX  and  TNT  (60/40)  for  the  experimental  Composition  8  type  for¬ 
mulations.  Regular  Composition  B  with  petrolite  wax,  RDX/TNT/wax  (60/39/1 )  is  treated 
as  an  additional  experimental  formulation  in  the  analysis. 

A  representative  pressure  versus  time  load  cell  response  is  shown  with  the  figures 
for  each  of  the  twenty-two  experimental  formulations  (dotted  lines).  Superimposed  with 
the  test  is  the  appropriate  control,  and  for  reference  the  behavior  of  a  nonfragmenting 
rigid  solid  Examples  of  tests  on  modified  TNT  are  shown  in  figures  2a  through  2i  and 
those  for  the  experimental  Composition  B  type  formulations  are  shown  in  figures  3a 
through  3m. 

The  data  as  presented  above  provides  a  subjective  impression  of  the  effect  TNT 
miscible  additives  can  have  on  TNT  and  the  ingredients  of  Composition  B  (RDX/TNT). 
In  order  to  consolidate,  quantify,  and  also  provide  some  statistics  the  information  re¬ 
corded  for  all  the  tests  was  computer  processed.  Each  test  was  differentiated  with 


respect  to  time  and  the  results  integrated  with  respect  to  the  applied  load  to  the  pres¬ 
sure  where  total  collapse  of  the  structure  through  the  orifice  takes  place  (MPa2/sec). 
Without  a  measurement  of  ram  travel  for  evaluation  of  stress  versus  strain  the  numbers 
generated  must  be  examined  with  caution.  They  can  be  used  to  compare  the  effect 
additives  have  on  cast  bodies  for  similar  behavioral  relationships,  however,  if  a  transi¬ 
tion  in  the  mechanism  of  collapse  takes  place,  l.e.,  fracture  to  plastic  flow,  the  values 
bridging  the  transition  cannot  be  validly  compared.  With  this  proviso,  the  relative  effect 
chlorowaxes  have  on  castings  of  TNT  is  shown  in  figures  4a  through  4c.  The  solid  bar 
is  the  average,  and  the  dotted  lines  span  the  error  limits.  The  effect  these  additives  and 
also  Petrolite  ES-670  wax  have  on  the  ingredients  of  Composition  B  (RDX'TNT)  is 
shown  in  figures  5a  through  5c.  The  RDX/TNT  formulations  with  10%  additives  are  not 
included  because  a  transition  to  plastic  flow  had  occured. 

If  TNT  miscible  additives  reduce  pore  volume,  it  is  expected  that  the  explosive's 
sensitivity  to  shock  initiation  would  also  be  reduced  The  modified  TNT  formulations 
and  Composition  B1,  with  appropriate  reference  controls,  were  therefore  tested  for 
sensitivity  to  shock  initiation  with  a  slapper  shock  generator  (refs  6  and  7).  The  tester 
uses  energy  stored  in  a  low  inductance  capacitor  system  to  propel  a  2-mil  mylar  flyer 
pfate  to  impact  an  explosive  specimen  wnich  is  pressed  or  cast  within  a  steel  sample 
holder  (0.144  in.  ID  x  0.125  in.  long).  The  flyer  plate  produces  a  shock  profile  in  the 
sample  under  test.  A  linear  relationship  over  the  range  of  the  tester  between  the  shock 
generated  depth  of  dent  produced  in  a  lead  plate  and  the  voltage  on  a  charged  14.5 
mfd.  capacitor,  thereby  allowing  this  analog  voltage  to  represent  the  shock  energy  is 
shown  in  figure  6.  A  15-shot  Bruceton  up  and  down  procedure  is  used  to  determine  the 
50%  probability  of  a  response  to  an  analog  of  shock  pressure  stimulus  (volts). 

In  order  to  demonstrate  that  shock  sensitivity  can  be  directly  related  to  pore  volume 
(a  function  of  density)  figure  7  is  included.  It  shows  a  linear  relationship,  with  a  0.998 
correlation  coefficient,  for  the  effect  of  density  of  the  analog  of  shock  sensitivity  for  5 
micron  RDX.  With  this  as  background,  the  shock  sensitivity  related  data  for  TNT  and  its 
modifications  are  shown  in  ligures  8a  through  8c  and  the  experimental  formulation 
Composition  B1  is  shewn  in  figure  9  with  regular  Composition  B  for  reference. 


RESULTS 

An  examination  of  the  pressure  versus  ,lme  deformation  curves  will  shov.  that  the 
controls,  standard  TNT  and  the  explosive  ingredients  of  Composition  B  (RDX/TNT, 
60/40),  track  the  behavior  ot  a  rigid  body  until  a  sudden  collapse  of  fhe  structure  into  the 
orifice  takes  place.  Examination  of  the  fragments  showed  that  the  entire  structure  of  fhe 
pellets  had  been  pulverized  almost  as  tf  it  had  been  ground  with  a  mortar  and  pestie. 
Even  the  oortion  that  had  been  reconsolidated  by  the  continued  travel  of  the  ram  was 
unstructured,  weak,  and  very  porous.  Reguiar  Composition  B  also  tracks  the  behavior 


of  that  rigid  body,  but  the  presence  of  the  1%  Petrolite  wax  additive  lowers  the  pressure 
at  which  breakup  occurs.  The  reconsolidated  fragments  are  also  weak  and  porous,  but 
show  signs  of  structure  and  body.  The  presence  of  the  wax  seems  to  function  as  a 
binder  for  the  pulverized  reconsolidated  fragments  that  subjectively  appears  to  make 
the  material  less  porous  in  comparison  with  the  control,  RDX/TNT  (60/40). 

The  chlorowaxes  modified  the  mechanical  behavior  of  TNT  as  expected.  With 
modest  amounts  (2.5%),  the  modified  materials  tracked  the  behavior  of  100%  TNT  and 
the  rigid  solid.  The  additives  appeared  to  function  as  lubricants  in  the  castings  which 
reduced  the  pressure  required  to  collapse  the  pellets  through  the  orifice.  As  additive 
quantities  are  increased  further  reductions  are  experienced,  however,  a  plasticity  in  the 
mechanism  of  collapse  is  indicated. 

The  chlorowaxes  did  not  perform  in  the  same  manner  when  RDX  was  added  to 
TNT/chlorowax  to  make  various  Composition  B  type  formulations.  The  chlorowaxes  in 
1%,  2%,  and  4%  concentrations  did  not  change  the  mechanical  behavior  of  the  ex¬ 
perimental  formulations  in  a  significant  manner  with  respect  to  each  other  and  regular 
Composition  B.  Only  with  excessive  10%  additives  was  a  marked  change  in  mechani¬ 
cal  behavior  observed.  The  collapse  mechanism  through  the  orifice  had  changed  from 
a  fracture  type  to  plastic  flow  and  this  strongly  pointed  out  the  potential  for  a  serious 
hazard  situation. 

The  loading  rate  induced  stresses  experienced  by  the  explosives  in  these  experi¬ 
ments  are  very  modest  when  compared  with  the  stresses  that  can  be  induced  in  the 
base  of  a  projectile  during  gun  firings.  Even  so,  each  of  the  RDX  and  TNT  formulations 
with  10%  chlorowaxes  exhibited  evidence  of  a  possible  ignition.  Centered  at  the  base 
of  all  pellets,  reconsolidated  from  the  crushed  fragments,  was  a  burn  spot.  The  crushed 
material  had  a  damp  appearance  and  consistency  of  play  dough  and  it  is  suggested 
that  under  dynamic  loading  the  nature  of  the  material,  ar  influenced  by  additives,  can 
block  out  air  flow  thereby  concentrating  air  volumes  for  heating  by  adiabatic  compres¬ 
sion.  If  this  interpretation  is  correct  then  it  follows  that  the  chlorowax  formulations  with 
lesser  concentrations  are  also  subject  to  this  adiabatic  compression  hazard;  it  is  merely 
a  matter  of  degree  that  would  be  exposed  by  higher  loading  rales. 

Carrying  out  this  argument  one  step  iurlher  points  the  finger  of  responsibility  for 
inbore  explosions  at  the  presence  of  wax  in  Composition  B  '.  crushed  material  and 
behavior  during  breakup  and  recompaction  appear  to  be  virtually  identical  with  the 
formulations  where  chlorowaxes  were  substiiued  for  wax.  And  if.  as  suspected,  the 
presence  of  these  materials  contribute  So  making  the  RDX/TNI  more  vunerabie  to 
heating  through  adiabatic  compression  then  so  too  could  the  wax. 

The  development  of  these  suspicions  should  change  the  direction  oi  the  work  taken 
in  the  Composition  B  improvement  program.  The  potential  for  an  inbore  hazard  situa¬ 
tion  appears  to  be  associated  more  with  its  characteristics  when  broken  and  crushed 
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than  with  the  nature  of  the  original  casting.  Without  any  additives  there  is  a  looseness 
to  a  pulverized  compacting  body  of  RDX/TNT  (60/40)  that,  it  is  suggested,  is  more 
capable  of  absorbing  and  distributing  a  preceeding  (collapsing)  bubble  of  air  throughout 
the  material  .  The  presence  of  additives  of  any  type  investigated  thus  far  (including 
wax)  appears  to  function  as  a  binder  for  this  pulverized  material  making  it  less  perme¬ 
able  to  air  flowing  from  a  bubble  in  compression,  thereby  concentrating  the  air  for 
adiabatic  heating. 

Inbore  ignition  of  Composition  B  can  occur  within  either  of  two  specific  time  frar  ■$: 
during  the  time  of  materia!  breakup  or  afterwards,  or  during  compaction  of  the  frag¬ 
mented  material.  The  experiment,  as  conducted  here,  does  not  address  th-.  ,e  two 
areas  of  concern.  Only  a  subjective  impression  of  material  behavior  after  breakup  is 
obtained  from  visual  examination  and  the  character  of  the  load  trace,  i.e.,  jagged  versus 
smooth.  For  this  evaluation  the  test  fixture  should  be  redesigned  to  deform  an  ex¬ 
plosive  pellet  into  a  smaller  fixed  volume  cavity.  This  test  should  be  performed  at 
several  pellet  volume  to  cavity  volume  ratios  while  monitoring  ram  travel  for  the  gener¬ 
ation  of  stress  versus  strain  type  data.  Simultaneously,  a  fast  response  thermally 
isolated  thermocouple  or  infrared  microscope  at  the  base  of  the  cavity  would  measure 
the  temperature  nse  of  the  collapsing  volume  of  air.  In  total,  this  type  ot  data  should 
provide  the  information  necessary  for  evaluating  the  potential  for  an  adiabatic  compres¬ 
sion  hazard  additives  may  have  on  castings  of  RDX/TNT. 

It  can  be  infered  from  the  results  of  the  shock  sensitivity  "slapper"  test  that  miscible 
additives  can  reduce  pore  volume  and  thereby  provide  a  means  to  shock  desensitize 
RDX/TNT.  This  however  is  accomplished,  as  indicated  hem.  with  the  potential  tradeoff 
of  making  the  explosive  more  sensitive  to  ignition  through  adiabatic  compression.  At 
this  point  in  the  Composition  B  improvement  program  it  is  time  to  take  a  step  backwards 
and  ask.  is  them  a  good  reason  for  using  wax  or  any  other  such  material  in  Composition 
B?  The  literature  and  discussions  with  colleagues  did  not  produce  a  great  deal  of 
experimental  evidence  supporting  the  use  of  wax.  Some  waxes  reduced  the  number  of 
rejects  due  to  defective  castings,  but  its  major  proven  contribution  to  explosive  safety 
(refs  1  and  6)  is  to  slow  the  reaction  rate  of  the  explosive  during  the  early  stages  of 
combustion.  However,  this  can  be  accomplished  more  effectively  with  the  reduction  of 
pore  volume  through  pressure  casting  (refs  1  and  2)  and  orotectmg  the  RDX  with 
precoated  additives  (ref  9). 

The  reduction  ol  pore  volume  through  pressure  casting  appears  to  be  a  simple  ar.d 
effective  approach  lor  improving  qualily  of  castings  and  the  safety  ol  RDX;TNT  (60/40): 
simultaneously  addressing  both  the  deflagaHon  and  detonation  hazards  of  the  explosive 
and  because  no  adduces  are  present  to  abet  ignition  through  adiabatic  compression 
Internal  surface  areas  and  ignition  routes  (porosity)  are  the  pnncipai  contributors  to  the 
hazardous  reaction  rate  (deflagration)  of  Composition  6  and  therefore  DDT  if  the 
microvoids  ot  porosity  could  be  totally  removed  from  the  explosive,  it  coutd  on;y  bum  on 
its  exterior  surface  with  a  burning  rate  exponent  in  the  neigfKjrhood  of  one.  This  is  very 
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slow  burning  and  would  preclude  inbore  explosions  in  addition  to  preventing  a  transition 
to  detonation  in  any  standard  weapon  system.  However,  the  total  elimination  of 
porosity  would  not  be  desirable.  Microvoids  in  the  structure  provide  necessary  ignition 
sites  for  the  propagation  of  detonation.  It  is  reasonable  to  expect  that  pore  volume 
could  be  controlled  in  the  explosive  as  a  function  of  the  applied  pressure  during  pres¬ 
sure  casting  of  the  explosive  melt.  Hopefully,  this  would  provide  a  balance  between  a 
safe  deflagration  rate  and  adequate  performance  (detonation). 

The  sensitivity  of  RDX  is  the  dominant  parameter  in  hazard  situations  associated 
with  Composition  B.  If  after  thorough  evaluation  of  the  effect  pore  volume  has  on  the 
relationship  between  reaction  rate,  shock  sensitivity,  and  performance  it  is  felt  that  an 
additional  margin  of  safety  is  required,  this  can  be  provided  by  bonding  a  thin  protective 
coating  on  the  surface  of  the  RDX  crystals  (refs.  1 , 2,  8,  and  9). 

A  perfectly  cast  billet  of  Composition  B  that  can  not  move  or  break  up  within  the 
projectile  during  launch  could  be  much  more  sensitive  than  it  is  without  experiencing  an 
inbore  explosion.  Pressed  PBX  explosive  fills  fall  into  this  catagory.  A  flaw  of  some  sort 
is  necessary  to  precipitate  the  hazard,  It  is  more  important  to  improve  cast  quality  and 
eliminate  the  potential  for  flaws  than  it  is  to  desensitize  its  ignition  and  burning 
parameters.  Conceivably,  pressure  casting  may  also  provide  the  opportunity  to  do  so 
by  improving  surface  contact  with  the  base  and  walls  of  the  projectile  while  also  displac¬ 
ing  or  compressing  air  bubbles.  The  concept  should  be  tested  (with  special  attention  to 
environmental  caused  cracking  and  creeping)  on  neat  RDX/TNT  before  an  attempt  to 
improve  cast  quality  is  made  with  additives  such  as  HNS. 


CONCLUSIONS  AND  RECOMMENDATIONS 

This  work  develops  the  strong  suspicion  that  adiabetic  compression  is  the  principal 
ignition  mechanism  responsible  for  inbore  explosions  with  Composition  B  and  that  it  is 
the  presence  of  the  wax  in  the  explosive  which  abets  the  problem.  It  is  believed  that  it 
ooes  this  because  a  flaw  in  combination  with  launch  induced  stress  can  cause  the 
material  to  be  virtually  pulverized,  permitting  the  wax  to  function  as  a  binder  in  the 
recompacting  powderlike  fragments.  This  can  make  the  fragments  less  permeable  to 
ain'iow  in  the  consolidating  material,  thereby  confining  the  air  for  adiabatic  heating.  This 
brings  into  question  the  concept  and  purposes  for  using  wax  or  any  other  material  with 
castings  of  PDX/TNT. 

It  is  time  to  take  a  step  backwards  to  determine  if  a  safer  Composition  B  can  be 
made  without  the  use  of  additives.  It  is  suggested  here  that  this  may  be  accomplished 
through  pressure  casting.  Cast  Composition  B  is  a  porous  structure  in  which  the  pore 
volume  controls  reaction  rate  during  simple  burning,  its  shock  sensitivity,  and  detonation 
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velocity.  It  would  appear  that  this  por8  volume  can  be  manipulated  and  fine  tuned  with 
pressure  casting  during  solidification  of  the  meUed  explosive,  with  the  objective  of 
improving  safety  in  DDT  and  SDT  hazard  situations.  The  concept  of  pressure  casting 
also  has  the  potential  of  improving  cast  quality,  thereby,  mitigating  the  fundamental 
cause  for  the  inbore  explosion  problem. 
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Load  Cell 


Figure  1 .  Dynamic  deformation  test  fixture 
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Figure  2a.  TNT  mod  A2.5  (97.5/2.5) 
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Figure  2b.  TNT  mod  B2.5  (97.5/2.5) 
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Fig ^ r9  2d.  TNT  mod  A5  (95/5) 
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Figure  2e.  TNT  mod  B5  (95/5) 
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Figure  2f.  TNT  mod  C5  (95/5) 
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Figure  2g.  TNT  mod  A10  (90/10) 
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Figure  2h.  TNT  mod  BIO  (30/10) 
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LOAD,  XPo 


Figure  2i  TNT  mod  CIO  (9*0/10) 
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Figure  3a.  Regular  Compostion  B  (wax) 
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Figure  3b.  Comp  A1  (60/39/1 ) 
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Figure  3c.  Comp  B1  (60/39/1 ) 
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Figure  3d.  Comp  Cl  (60/39/1 ) 
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Figure  3e.  Comp  A2  (60/38/2) 
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Figure  3f.  Comp  B2  (60/38/2) 
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Figure  3e.  Comp  C2  (60/38/2) 
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Rigid  Body  t  RDX/TNT  (6B/40) 
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Figure  3h.  Comp  A4  (60/36/4) 
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Figure  3i.  Comp  B4  (60/36/4) 
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Figure  3j.  Comp  C4  (60/36/4) 
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Figure  3K.  Comp  A10  (60/30/10) 
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Figure  31.  Comp  BIO  (60/30/10) 
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Figure  3m.  Comp  CIO  (60/30/10) 
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Effect  of  Additive#  on  the  deforest ion  of  TNT  Coating* 
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Figure  4a.  2.5%  additives  A.  B.  and  C  versus  control  (standard  TNT) 


32 


Eff«ci  of  Additive*  on  th®  d«for«otion  of  TNT  Castings 
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Figure  4b.  5%  additives  A.  B.  and  C  versus  control  (standard  TNT) 
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Effect  of  Additive#  on  the  deformation  of  RDX/TNT  Caeting# 
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Figure  5a.  1%  additiveA,  B,  and  C  versus  control  end  regular  Comp  B 
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Effect  of  Additivw  on  th«  doforaation  of  RDX/TNT  Costings 
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Figure  5t.  2%  additives  A,  B.  and  C  versus  control  and  regular  Comp  B 
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Effect  of  Additivee  on  the  deformation  of  RDX/TNT  Caetinge 
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Figure  5c.  4%  additives  A,  B.  and  C  versus  control  and  regular  Comp  B 
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Figure  7.  Density  versus  shock  sensitivity  for  5  u  RDX 
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Figure  8c.  10%  additives  A,  B,  and  C  versus  control  {standard  TNT) 
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Shock  eeneitivity  (Analog  volte) 
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APPENDIX 

MATERIAL  SAFETY  DATA  SHEET  FOR  CHLOROWAX 
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OCCIDENTAL  CHEMICAL 
MATERIAL  SAFETY  DATA  SHEET 


MSDS  NUMBER . 
MSDS  DATE: 
PROOUCT  NAME . 


M  1204 


1 1-06-86 


CHLOROWAX*  45LV 


24  HOUR  EMERGENCY  PHONE:  (710)  278-7021 


I.  PRODUCT  IDENTIFICATION 


1  HEALTH  HAZARD,  1  FIRE  HAZARD.  &  0  REACTIVITY  ratine  based  on  NIOSH 
"Identification  System  for  Occupationally  Hazardous  Materials"  (1974) 

MANUFACTURER'S  NAME  AND  ADDRESS.  Occidental  Chemical  Customer  Service 
Center.  545  East  John  Carpenter  Freeway.  Suite  1020. 

Irving.  Texas  75062  (Telephone  1-800-752-5151) 

CHEMICAL  NAME:  Chlorinated  Paraffin  CAS  NUMBER:  61788-76-9 

SYNONYMS/COMMON  NAMES:  Liquid  Chlorinated  Paraffin 

CHEMICAL  FORMULA.  C^2H23Cl3  (Typical) 

DOT  PROPER  SHIPPING  NAME.  NA 

DOT  HAZARD  CLASS:  NA 

DOT  I . D .  NUMBER :  NA  HAZARDOUS  SUBSTANCE .  NA 


II.  HAZARDOUS  INGREDIENTS 


MATERIAL  OR  COMPONENT  HAZARD  DATA  CAS  NUMBER  X 

Chlorinated  Paraffin  PEL  =  None  Established  61788-76-9  100 

TLV  =  None  Established 
( See  Sect  ion  V ) 

The  material  in  this  product  is  listed  in  the  TSCA  Inventory 
Not  listed  as  carcinogenic  by  I  ARC .  NTP .  OSHA .  ACGIH.  See  Section  V 


III.  PHYSICAL  DATA 

BOILING  POINT  9  760  mm  Hg .  n7a  product  decomposes  above  204  *0 
MELTING  POINT  Pour  Point  -65*F  X  VOLATILES  BY  VOL  N/A 

VAPOR  PRESSURE  N/A  DENSITY  AT  20*C  1  35  ©m/cc 

EVAPORATION  RATE  (BuAc«l>  NA  VAPOR  DENSITY  (Air-1).  N/A 

SPECIFIC  GRAVITY  (HoO-D  I  098  9  2S*C 
SOLUBILITY  IN  h20  X  8Y  WT  Negligible 

APPEARANCE  ANO  ODOR  Clear-to-l  ight  amber  1  icju'd  with  a  si  ight  odor 
pH  NA 


CAS  -  Uh-t »  Hv*!*'  *0  *  *t*  **•*♦♦*■?  •>  ***  ***-*+4M 

T\v  -  -  Z**P&**9 

-»4  ***  tt  p**»*«A*i  *  -'i-rt  *«  ***  #•#' 

*<  **.1  M>  WWAUir*  0*  Cl^AJUA-r*  {*>•»»  0*  *»VtC  ;$  HWC*«*AKCt  lU^rt  O*  0*wt  Ws-St  '* 

♦ft*****  Sf  *•  *3  **  5*  ‘M  *1  \.«*  *7*  «**•*  *♦  »*’♦’*  *• 

!***«*•*•  5***1  -ATW.#  **.-•  *•£»*«*:  -*»t**-.**s  N  ?*  *#*#  **«  »'•  p»*t  **»;*•• 
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IV.  FIRE  AND  EXPLOSION  DATA 

FLASH  POINT  None  under  204 4C  AUTOIGNITION  TEMPERATGrE .  N/A 

FLAMMABLE  LIMITS  IN  AIR.  X  BY  VOLUME-  UPPER:  Nonflammable 

LOWER:  Nonflammable 

EXTINGUISHING  MEDIA:  Fires  involving  this  product  are  unlikely,  but 

should  one  occur.  It  may  be  controlled  by  carbon  dioxide,  dry 
chemicals,  foam,  or  water  fog. 

SPECIAL  FIRE  FIGHTING  PROCEDURES.  Pressure-demand .  self-contained 

breathing  apparatus  should  be  provided  for  fire  fighters  in 
buildings  or  confined  areas  where  this  product  is  stored.  This 
product  at  high  temperatures .  releases  hydrogen  chloride  gas. 
Storage  containers  exposed  to  fire  should  be  kept  cool  with  water 
spray  in  order  to  pre  -nt  pressure  build-up. 

UNUSUAL  FIRE  AND  EXPLOS i jN  HAZARD.  This  product  is  nonflammable  and 
nonexplosive  under  normal  conditions  of  use.  Over -pressur i zat ion 
of  containers  will  also  occur  if  exposed  to  excessive  heat.  This 
product  flows  freely  when  hot  and  should,  therefore,  be  treated  as 
an  oil  when  exposed  in  a  fire. 


V.  HEALTH  HAZARD  INFORMATION 


HEALTH  HAZARD  DATA.  Chlorinated  paraffins  are  a  class  of  compounds 
that  are  similarly  manufactured .  but  vary  in  molecular  structure  by 
carbon  chain  length  and  degree  of  ch lor inat ion . 

The  National  Toxicology  Program  (NTP)  has  reporteo  ‘hat  In  recent 
studies  a  C}2-  59%  chlorinated  paraffin  in  combination  with 

corn  oil  caused  tumors  when  force  fed  at  very  high  doses  to  rats 
and  mice  over  long  periods  of  t  irrte.  The  NTP  also  reported  that 
a  C24 .  43%  chlorinated  paraffin  under  the  same  conditions  caused 

an  increase  in  tumors  only  in  male  mice. 


ROUTES  QF  EXPOSURE 

INHALATION  Under  normal  use  conditions.  this  product  IS  nontoxic, 
however.  under  Significant  decomposition  conditions, 

m 1 1 d- to-moderate  irritation  of  the  upper  respiratory  tract  can 
occur  due  to  evolution  of  hydrogen  chloride  gas 
SKIN  CONTACT  May  produce  mild  irritation  which  IS  readily 

reversible  Not  known  to  be  a  sens't'zer 
SKIN  ABSORPTION  Not  readily  absorbed  through  skin 
EYE  CONTACT  May  produce  mild  transient  irr  1  tat  ton 
INGESTION  Not  expected  to  produce  toxic  effects  when  ingested 


EEEECI5.  Of.  -QV  EBEKEQSUBE 
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The  toxicity  profile  would  suggest  a  slight  haxarci  to  those 
ally  exposed  to  this  product  The  l iv»r  is  the  probable 
organ,  should  mass've  systemic  poisoning  occur 


EYES  OBJECT  ts  TO  FLUSH  MATERIAL  OUT.  THEN  SEEK  MEDICAL  AT 
tmanEOI  ATELY  flush  eyes  with  largo  amounts  Of  water  f  or  at 
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surface  Seek  medical  attention 

Skin  wash  contaminated  areas  with  soao  and  vater  I  > 
solvent®  for  cleaning 

INHALATION  Under  f ire  conditions.  get  person  nut  of  COnt 
area  to  fresh  air  If  creatn  *  ng  has  stopped.  rssusC' 
adm mister  oxygen.  if  readily  ava'lable  Seek  medical  a 
immed lately 

INGESTION  NEVER  give  anything  by  mouth  to  an  unconscious  OO 

NOT  INDUCE  VOMIT tNG  If  vomiting 
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VI.  REACTIVITY  DATA 

CONDITIONS  CONTRIBUTING  TO  INSTABILITY.  Elevated  temperatures  and 
strong  alkalies  will  promote  the  decomposition  of  this  product 
The  thermal  decomposition  is  a  t ime/ temperature  relat lonship.  At 
normal  room  temperatures ,  decomposition  is  virtually  nil  At 
temperatures  above  315°C,  decomposition  is  rapid  with  resultant 
discolorat ion  and  hydrogen  chloride  release.  This  decomposition 
does  not  present  any  fire  or  e  alosive  hazard. 

INCOMPATIBILITY.  This  product  will  deter lorate  with  subsequent 
darkening  and  eventual  decomposition  when  exposed  to  elevated 
temperatures  or  strong  alkal  ies  The  presence  of  iron  or  zinc  in 
any  ,'->rm  will  catalyze  this  deter  lorat  ion . 

HAZARDOUS  DECOMPOSITION  PRODUCTS.  Under  fire  conditions.  this 
product  wi 1 1  decompose  to  give  off  hydrogen  chloride  gas  and  traces 
of  fragmented  short -chain  hydrocarbons .  Under  these  conditions, 
sufficient  hydrogen  chloride  is  given  off  to  necessitate  the  use  of 
self-contained  breathing  apparatus.  Held  at  175°C  for  4  hours, 
this  product  will  give  off  a  maximum  of  0.5  weight  percent  hydrogen 
ch 1 or i de . 

CONDITIONS  CONTRIBUTING  TO  HAZARDOUS  POLYMERIZATION.  Not  known  to 
pol ymer ize . 


VII.  ENVIRONMENTAL  PROCEDURES 


SPILLS  OR  RELEASES.  If  material  is  spilled  or  released  to  the 
atmosphere.  steps  should  be  taken  to  contain  liquids  and  prevent 
discharges  to  streams  or  sewer  systems,  and  control  or  stop  the 
loss  of  volatile  materials  to  the  atmosphere.  Spills  or  releases 
should  be  reported,  if  required  to  the  appropriate  local,  state  and 
f edera 1  regulatory  agencies 

DISPOSAL  CR  STORAGE  Clean-up  action  should  be  carefully  planned  and 
executed  Shipment.  storage.  and/or  disposal  of  waste  materials 
are  regulated  and  action  to  handle  spilled  or  released  materials 
must  meet  the  applicable  rules  If  any  question  exists.  the 
appropriate  agencies  should  be  contacted  to  assure  proper  action 
being  taken. 


VIII.  INDUSTRIAL  HYGIENE  CONTROL  MEASURES 


VENTILATION  REQUIREMENTS  No  special  ventilation  reauired  under 
norma l  use  Use  local  exhaust  vent i lat ion  where  the  product  is 
heated  or  mist,  spray,  dust  or  vapor  may  be  generated 


RESPIRATORY  Respiratory  protect  'on  is  not  reQu'red  under  norma  1 
use  Use  N I OSH /MS HA  approved  respiratory  protect  ion  following 
manuf acturer • s  recommendat ions  where  mist,  spray,  dust  or  vapor  may 
be  generated  and  where  the  product  is  heated 


EYE  Face  shield  and  goggles  or  chemical  gogg'es  shou'd  be  we-  i 
where  mist .  spray  or  dust  may  be  generated  or  where  the  product  -s 
heated 


GLOVES  Impervious  gloves  should  be  worn  Cotton  gloves  have  been 
recommended 

OTHER  CLOTHING  an o  EQUIPMENT  Standard  work  cloth  mg  Standard  *.cr k 
sneer,  Sho«s  that  can  not  be  <Jeconisni"at@d  should  be  discarded 
Wash  contaminated  clothing  with  soap  and  water  and  dry  before 
rouse  Shower  and  eyewash  facilities  should  be  accessible 

imiJQ2SIi^L-£jS£QSyaE 


BIOLOGICAL  No  applicable  methods 

PERSGNbl 'area  Procedures  app 1  icab's  to  total  dust  or  mist  can 
m»asu'  «  exposure,  the  lew  vapor  »!  essure  minimizes  loss  during 
samp  1  1  r*g 
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IX.  SPECIAL  PRECAUTIONS 


S I GNAL  WORD :  WARN I NG I 


STATEMENT  OF  HAZARDS: 
MAY  CAUSE  IRRITATION 


PRECAUT I ONARY  STATEMENTS : 

Avoid  contact  with  eyes,  skin,  and  clothing. 

Wash  thoroughly  after  handling. 

Do  not  take  internally. 

KEEP  OUT  OF  REACH  OF  CHILDREN. 

See  the  Material  Safety  Oata  Sheet  for  more  detailed  information  on 
safe  handling. 


FIRST  AID: 

IN  CASE  OF  CONTACT: 

For  eyes:  Immediately  flush  with  plenty  or  water  for  at  least  15 
minutes,  holding  eyelids  apart  to  ensure  flushing  of  entire  eye 
cur-face.  If  irritation  persists,  seek  medical  attention. 


For  skin:  Wash  with  plenty  of  soap  and  water;  remove  contaminated 
clothing.  If  irritation  persists,  seek  medical  attention. 

IF  INHALED:  Under  fire  conditions,  get  person  out  of  contaminated 
area  to  fresh  air.  If  breathing  has  stopped,  resuscitate  and 
administer  oxygen.  if  readily  available.  Seek  medical  attention 
Immed i ate  1 y . 


IF  SWALLOWED:  NEVER  give  anything  by  mouth  to  an  unconscious 

person.  If  swallowed.  DO  NOT  INDUCE  VOMITING.  If  vomiting 
occurs  spontaneously.  keep  airway  clear.  Seek  medical  attention 
immediately . 

IN  CASE  OF  FIRE:  Use  pressure-demand ,  self-contained  breath  log 

apparatus  as  this  product.  at  high  temperatures .  releases  hydrogen 
chloride  <HC1)  gas. 

IN  CASE  OF  SPILL  OR  LEAK:  Observe  handling  precautions.  Leaks 

should  be  stopped.  Sp i 1  Is  should  be  contained.  then  cleaned  up 
using  vacuum  truck  or  absorbent  material  and  removed  to  approved 
waste  disposal  area. 


STORAGE  AND  DISFOSAL 

STORAGE;  To  prevent  deter  1 orat Ion .  with  subsequent  discoloration  and 
possible  decomposition  with  liberation  of  hydrogen  chloride  gas. 

„•  forage  temperatures  for  this  product  should  not  exceed  66°C. 

DISPOSAL.  Package,  store,  transport  and  dispose  of  all  clean-up 
materials  and  any  contan-inalad  equipment  in  accordance  with  all 
applicable  federal,  state.  and  loc&l  health  and  environmental 
regulations.  Shipments  of  waste  materials  may  be  subject  to 
manifesting  requirements  per  applicable  regulations.  Appropriate 
disposal  will  depend  on  the  nature  of  the  waste  material  and  should 
be  performed  by  competent  and  properly  permitted  contractors 
Ensure  that  all  responsible  federal.  state.  and  local  agencies 
receive  proper  notification  of  disposal. 

DO  NOT  SWALLOW.  FOR  INDUSTRIAL  USE  ONLY.  READ  TECHNICAL  OATA 
BULLETIN  ANO  MATERIAL  SAFETY  OATA  SHEET  ON  THIS  PRODUCT  BEFORE  USING 


FOR  INDUSTRIAL  USE  ONLY 
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OCCIDENTAL  CHEMICAL 
MATERIAL  SAFETY  DATA  SHEET 


MSDS  NUMBER; 
MSDS  DATE; 
PRODUCT  NAME: 


M6566 

11-07-86 


CHLOROWAX  57-60 


24  HOUR  EMERGENCY  PHONE:  (716)  278-7021 


I.  PRODUCT  IDENTIFICATION 


1  HEALTH  HAZARD,  1  FIRE  HAZARD,  &  0  REACTIVITY  rating  based  on  N I  OSH 
"Identification  System  for  Occupationally  Hazardous  Materials"  (1974) 

MANUFACTURER'S  NAME  AND  ADDRESS;  Occidental  Chemical  Customer  Service 
Center,  540  East  John  Carpenter  Freeway.  Suite  1020, 

Irving,  Texas  75062  (Telephone  1-800-752-5151) 

CHEMICAL  NAME:  Chlorinated  Paraffin  CAS  NUMBER:  61788-76-9 

SYNONYMS/COMMON  NAMES:  Liquid  Chlorinated  Paraffin 

CHEMICAL  FORMULA:  C13H22CI6  (Typical) 

DOT  PROPER  SHIPPING  NAME:  NA 

DOT  HAZARD  CLASS :  NA 

DOT  ID.  NUMBER :  NA  HAZARDOUS  SUBSTANCE  NA 


II.  HAZARDOUS  INGREDIENTS 

MATERIAL  OR  COMPONENT  HAZARD  DATA  CAS  NUMBER  %~ 

Chlorinated  Paraffin  PEL  =  None  Established  61788-76-9  100 

TLV  =  None  Established 
( See  Sect  1 on  V ) 

The  material  In  this  product  is  listed  in  the  TSCA  Inventory 
Not  listed  as  carcinogenic  by  IARC.  NTP ,  OSHA .  ACG I H .  See  Section  V. 


III.  PHYSICAL  DATA 


BOILING  POINT  9  760  imT  Hg . 
MELTING  POINT.  N/A 
EVAPORATION  RATE  <8uAc=l>. 
SOLUBILITY  IN  H2C  X  BY  WT 
SPECIFIC  CRAV I TY  (H20*l) 


N/A 


VAPOR  DENSITY  iAir=!)  N7a 
X  VOLATILES  BY  VOL  N/A 
DENSITY  AT  20°C  N/A 
VAPOR  PRESSURE.  N/A 


N/A 

Neg 1 igible 
1.33  9  25',C/25°C 
LIGHT  STABILITY  Discolors  in  sun  1  (ght 

APPEARANCE  AND  ODOR  C 1 ear - t o- 1 igh t  amber  liquid  with  a  slight  odor 

pH  .  NA 
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IV.  FIRE  AND  EXPLOSION  DATA 

FLASH  POINT:  None  under  204 °C  AUTO  IGNITION  TEMPERATURE .  N/A 

FLAMMABLE  LIMITS  IN  AIR,  %  BY  VOLUME-  UPPER:  Nonflammable 

LOWER;  Nonflammable 

EXTINGUISHING  MEDIA:  Fires  involving  tFils  product  are  unlikely,  but 
should  one  occur,  it  may  be  controlled  by  carbon  dioxide,  dry 
chemicals,  foam,  or  water  fog. 

SPECIAL  FIRE  FIGHTING  PROCEDURES :  Pressure-demand .  self-contained 

breathing  apparatus  should  be  provided  for  fire  fighters  in 
buildings  or  confined  areas  where  this  product  is  stored.  This 
product  at  high  temperatures ,  releases  hydrogen  chloride  gas. 
Storage  containers  exposed  to  fire  should  be  kept  cool  with  water 
spray  in  order  to  prevent  pressure  build-up. 

UNUSUAL,  FIRE  AND  EXPLOSION  HAZARD;  This  product  is  nonflammable  and 
nonexploslve  under  normal  conditions  of  use.  Ovei — pressurization 
of  containers  wi 1  I  also  occur  if  exposea  to  excessive  heat .  This 
product  flows  freely  when  hot  and  should,  therefore,  be  treated  as 
an  oil  when  exposed  in  a  fire. 


V.  HEALTH  HAZARD  INFORMATION 


HEALTH  HAZARD  DATA:  Chlorinated  paraffins  are  a  class  of  compounds 
that  are  similarly  manufactured,  but  vary  in  molecular  structure  by 
carbon  chain  length  and  degree  of  chlorination. 

The  National  Toxicology  Program  ( N TP )  has  reported  that  in  recent 
studies  a  C12.  59%  chlorinated  paraffin  in  combination  with 

corn  oil  caused  tumors  when  force  fed  at  very  high  doses  to  rats 
and  mice  over  long  periods  of  time.  The  NTP  also  reported  that 
a  C24 .  43%  chlorinated  paraffin  under  the  same  conditions  caused 
an  increase  in  tumors  only  in  male  mice 


3QUl£5_.QF_.&lPQSyR5 

INHALATION.  Under  normal  use  conditions.  this  product  is  nontoxic, 
however.  under  significant  decomposition  conditions, 

m 1 1 d- t o-moder a t e  irritation  of  the  upper  respiratory  tract  can 
occur  due  to  evolution  of  hydrogen  chloride  gas 
SKIN  CONTACT  May  oroduce  mild  irrltat  ion  which  is  read  1 !y 
reversible  Not  known  to  be  a  sensitizer. 

SKIN  ABSORPTION  Not  readily  absorbed  through  skin 

EYE  CONTACT  May  produce  mild  transient  irritation 

INGESTION.  Not  expected  to  produce  toxic  effects  when  ingested. 


ACUTE  May  produce  mi  Id,  reversible  skin  and  eye  irritation 
CHRONIC  the  toxicity  profile  would  Suggest  a  slight  hazard  to  those 
chronically  exposed  to  this  product  The  liver  is  the  probable 
target  organ .  should  massive  systemic  poisoning  occur. 


EYES  OBJECT  IS  TO  FUUSH  MATERIAL  OUT.  THEN  SEEK  MEDICAL  ATTENTION 
IMMEDIATELY  flush  eyes  with  large  amounts  of  water  for  at  'east  15 
minutes.  holding  1  ids  apart  to  ensure  flushing  of  the  en t  ire  eye 
surface  Seek  medical  attention 

SKIN  Wash  contaminated  areas  with  soap  and  water.  Do  not  use 
solvents  for  cleaning 

Inhalation  Under  fire  conditions.  get  person  out  of  contaminated 
area  to  fresh  air  If  breathing  has  stopped,  resuscitate  and 
administer  oxygen.  tf  readily  available  Seek  medical  attention 
mimed  lately 

INGESTION  NEVER  give  anything  by  mouth  to  an  unconscious  person  If 
swa 1  lowed .  DO  NOT  INDUCE  VOMITING  If  vomiting  occurs 
soon t aneous l y .  keen  airway  clear  Seek  medical  at  ten  ion 

tmmod lately 

NOTES  TO  PHYS  I  c  I  AN  No  Skin  Sens  it  lz.lt  1  on  I  s  assoc  1  a  t  ed  With  t  he 
hand  1  1 ng  of  this  product 
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VI.  REACTIVITY  DATA 

CONDITIONS  CONTRIBUTING  TO  INSTABILITY;  Elevated  temperatures  and 
strong  alkalies  will  promote  the  decomposition  of  this  product. 
The  thermal  decomposition  is  a  t ime/temperature  relationship.  At 
normal  room  temperatures .  decomposition  is  virtually  nil.  At 
temperatures  above  315°C,  decomposition  is  rapid  with  resultant 
dlsoolorat  ten  and  hydrogen  chloride  release.  This  decomposition 
does  not  present  any  fire  or  explosive  hazard. 

INCOMPATIBILITY;  This  product  will  deteriorate  with  subsequent 
darkening  and  eventual  decomposition  when  exposed  to  elevated 
temperatures  or  strong  alkalies.  The  presence  of  iron  or  zinc  in 
any  form  will  catalyze  this  deterioration. 

HAZARDOUS  DECOMPOSITION  PRODUCTS;  Under  fire  conditions.  this 

product  will  decompose  to  give  off  hydrogen  chloride  gas  and  traces 
of  fragmented  short -chain  hydrocarbons .  Under  these  conditions, 
sufficient  hydrogen  chloride  is  given  off  to  necessitate  the  use  of 
self-contained  breathing  apparatus.  Held  at  175°C  for  4  hours, 
this  product  will  give  off  a  maximum  of  Q.5  weight  percent  hydrogen 
ch lor ide . 

CONDITIONS  CONTRIBUTING  TO  HAZARDOUS  POLYMERIZATION;  Not  known  to 
po 1 ymer 1 ze . 


VII.  ENVIRONMENTAL  PROCEDURES 


SPILLS  OR  RELEASES;  If  material  Is  spilled  or  released  to  the 
atmosphere.  steps  should  be  taKen  to  contain  liquids  and  prevent 
discharges  to  streams  or  sewer  systems;  and  control  or  stop  the 
loss  of  volatile  materials  to  the  atmosphere.  Spills  or  releases 
should  be  reported.  If  required  to  the  appropriate  local,  state  and 
federal  regulatory  agencies. 

DISPOSAL  OR  STORAGE;  Clean-up  action  should  be  carefully  planned  and 
executed.  Shipment.  storage.  and/or  disposal  of  waste  materials 
are  regulated  and  action  to  handle  spilled  or  released  materials 
must  meet  the  applicable  rules.  If  any  question  exists,  the 
appropriate  agencies  should  be  contacted  to  assure  proper  action 
being  taken. 


VIII.  INDUSTRIAL  HYGIENE  CONTROL  MEASURES 


'ENTILATION  REQUIREMENTS.  No  special  ventilation  required  under 
norma  1  use.  Use  local  exhaust  ventilation  where  the  product  is 
heated  or  mist,  spray,  dust  or  vapor  may  be  generated. 

SPSS]  F  l  C  PERSONAL  .PR.OILC.I.L/.S,  £QU  1  PtogNT 

RESPIRATORY.  Respiratory  protection  is  not  required  under  normal 
use  Use  NIOSH/MSHA  approved  respiratory  protect  ion  following 
manufacturer's  recommenda t ions  where  mist,  spray,  dust  or  vapor  may 
be  generated  and  where  the  product  is  heated 

EYE  Pace  shield  and  goggles  or  chemical  goggles  should  be  worn 
where  mist,  spray  or  dust  may  bo  generated  or  where  the  product  is 
hea  t  ©d . 

GLOVES  Impervious  gloves  should  be  worn .  Cotton  gloves  have  been 
recommended . 

OTHER  CLOTHING  AND  EQUIPMENT  Standard  work  clothing  Standard  work 
shoes  Shoes  that  can  not  be  decontaminated  should  be  discarded 
Wash  contaminated  cloth'ng  with  soap  and  water  and  dry  before 
reuse  Shower  and  eyewash  facilities  should  be  accessible 


BIOLOGICAL  No  applicable  methods. 

PERSONAL/ AREA .  Procedures  applicable  to  total  dust  or  mist  can 
measure  exposure,  the  low  vapor  pressure  minimizes  loss  during 
samp  1  1  hg 
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IX.  SPECIAL  PRECAUTIONS 


SIGNAL  WORD:  WARNING  I 

STATEMENT  OF  HAZARDS : 
MAY  CAUSE  IRRITATION 


PRECAUTIONARY  STATEMENTS.: 

Avoid  contact  with  eyes,  skin,  and  clothing. 

Wash  thoroughly  after  handling. 

Do  not  take  internally. 

KEEP  OUT  OF  REACH  OF  CHILDREN. 

See  the  Material  Safety  Data  Sheet  for  more  detailed  information  on 
safe  hand ling. 

FIRST  AID: 

IN  CASE  OF  CONTACT: 


For  eyes:  Immediately  flush  with  plenty  or  water  for  at  least  15 
minutes,  holding  eyelids  apart  to  ensure  flushing  of  entire  eye 
surface.  If  irritation  persists,  seek  medical  attention. 


For  skin:  Wash  with  plenty  of  soap  and  water;  remove  contaminated 
clothing.  If  Irritation  persists,  seek  medical  attention. 

IF  INHALED:  Under  fire  conditions,  get  person  ou :  of  contaminated 

area  to  fresh  air.  If  breathing  has  stopped,  resuscitate  and 
administer  oxygen.  if  readily  available.  Seek  medical  attention 
1 mmed lately . 

IF  SWALLOWED:  NEVER  give  anything  by  mouth  to  an  unconscious 
person.  If  swallowed.  DO  NOT  INDUCE  VOMITING.  If  vomiting 
occurs  spontaneously.  keep  airway  clear.  Seek  medical  attention 
immediately . 

IN  CASE  OF  FIRE:  Use  pressure-demand .  self-contained  breathing 

apparatus  as  this  product.  at  high  temperatures .  roleases  hydrogen 
chloride  ( HC 1 )  gas. 

IN  CASE  OF  SPILL  OR  LEAK.  Observe  handling  precautions.  Leaks 
should  be  stopped  Spills  should  be  contained.  then  cleaned  up 
using  vacuum  truck  or  absorbent  material  and  removed  to  approved 
waste  disposal  area. 

S.IQBAQ£_A„Np_Q.ISE.Q.£AL 

STORAGE  To  prevent  deter  1 orat 1 on .  with  subsequent  discoloration  and 
possible  decomposition  with  1 iberat ion  of  hydrogen  chloride  gas. 
storage  temperatures  for  this  product  should  not  exceed  66*C. 

DISPOSAL  Package,  store,  transport  and  dispose  of  all  clean-up 
materials  and  any  contaminated  equipment  m  accordance  with  all 
aoo i icable  federal .  state.  and  local  health  and  environmental 
regulations.  Shipments  of  waste  materials  may  be  subject  to 
manifesting  requirements  per  applicable  regulations.  Appropriate 
disposal  will  depend  on  the  nature  of  the  waste  material  and  should 
be  performed  by  competent  and  properly  permitted  contractors. 
Ensure  that  all  responsible  federal.  state.  and  local  agencies 
receive  proper  notification  of  disposal- 

00  NOT  SWALLOW  FOR  INDUSTRIAL  USE  ONLY  READ  TECHNICAL  DATA 
BULLETIN  AND  MATERIAL  SAFETY  DATA  SHEET  ON  THIS  PRODUCT  BEFORE  USING. 


FOR  INDUSTRIAL  USE  ONLY 


LABEL 


06  t  186M6566 


OCCIDENTAL  CHEMICAL 
MATERIAL  SAFETY  DATA  SHEET 


MSDS  NUMBER;  M1290 


MSOS  DATE ; 
PRODUCT  NAME ; 


1  1-06-86 


CHLOROWAX*  70-200 


24  HOUR  EMERGENCY  PHONE:  (716)  278-7021 


I.  PRODUCT  IDENTIFICATION 


1  HEALTH  HAZARD,  1  FIRE  HAZARD,  &  0  REACTIVITY  rating  based  on  NIOSH 
Identification  System  for  Occupationally  Hazardous  Materials"  (1974) 


MANUFACTURER'S  NAME  AND  ADDRESS.  Occidental  Chemical  Customer  Service 
Center,  545  East  John  Carpenter  Freeway.  Suite  1020, 

Irving.  Texas  75062  (Telephone  1-8Q0-752-5 15 1 ) 

CHEMICAL  NAME:  Chlorinated  Paraffin  CAS  NUMBER.  61788-76-9 

SYNONYMS/COMMON  NAMES:  Liquid  Chlorinated  Paraffin 

CHEMICAL  FORMULA:  CiiH^Cl}©  (Typical) 

DOT  PROPER  SHIPPING  NAME:  NA 

DOT  HAZARD  CLASS.  NA 

DOT  I . D  NUMBER :  NA  HAZARDOUS  SUBSTANCE .  NA 


II.  HAZARDOUS  INGREDIENTS 

MATERIAL  OR  COMPONENT  HAZARD  DATA  CAS  NUMBER  X~ 

Chlorinated  Paraffin  PEL  «  None  Established  61788-76-9  100 

Tlv  =>  None  Established 
( See  Sect  ion  V ) 

The  material  in  this  product  Is  listed  in  the  TSCA  Inventory, 

Not  listed  as  carcinogenic  by  1ARC.  NTP ,  OSHA .  ACGIH.  See  Section  V. 


III.  PHYSICAL  DATA 


BOILING  POINT  &  760  mm  Hq 
MELTING  POINT  Pour  Point. 
VAPOR  PRESSURE.  N/A 
EVAPORATION  RATE  (BuAc-1) 
SPECIFIC  GRAVITY  ( HgO®  l  ) 
SOLUBILITY  IN  H20  X  BY  WT 
LIGHT  STABILITY  Discolors 
APPEARANCE  AND  ODOR  Light 


*  N/A  VAPOR  DENS  I TY  IA\r= 1 )  . N/A 

16*C  X  VOLATILES  BY  VOL.  N/A 

DENSITY  AT  2Q*C .  N/A 
N/A  VISCOSITY  200  SUS  9  90 *C 

l  46  9  25*C/25*C 
Neg 1 igibta 
in  sun  1  ight 

amtoer  .  ver  y  v  i  scous  1  i  qu  id  with  si  ight 
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IV.  FIRE  AND  EXPLOSION  DATA 

FLASH  POINT:  None  under  204 4C  AUTO  IGNITION  TEMPERATURE  n7a 

FLAMMABLE  LIMITS  IN  AIR,  %  BY  VOLUME-  UPPER:  Nonflammable 

LOWER:  Nonflammable 

EXTINGUISHING  MEDIA:  Fires  involving  this  product  are  unlikely,  but 
should  one  occur ,  It  may  be  controlled  by  carbon  dioxide,  dry 
chem  1  c.i  1  s  .  foam  ,  or  water  fog  . 

SPECIAL  i- I RE  FIGHTING  PROCEDURES:  Pressure-demand ,  self-contained 

breathing  apparatus  should  be  provided  for  fire  fighters  in 
buildings  or  confined  areas  where  this  product  is  stored.  This 
product  at  high  temperatures ,  releases  hydrogen  chloride  gas. 
Storage  containers  exposed  to  fire  should  be  kept  cool  with  water 
spray  -n  order  to  prevent  pressure  build-up. 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARD:  This  product  is  nonflammable  and 
nonexplosive  under  normal  conditions  of  use.  Ovei — pressur  i  jcat  ion 
of  containers  will  also  occur  if  exposed  to  excessive  heat.  This 
product  flows  freely  when  hot  and  should,  therefore,  be  treated  as 
an  oil  when  exposed  in  a  fire. 


V.  HEALTH  HAZARD  INFORMATION 

HEALTH  HAZARD  DATA  Ch 1  or  1 nated  paraf f ins  are  a  c lass  of  compounds 
that  are  similarly  manufactured,  but  vary  In  molecular  structure  by 
carbon  chain  length  and  degree  of  chlorination. 

fbe  Nat lonal  Toxicology  Program  (NTP)  has  reported  that  in  recent 
studies  a  C 12 •  59%  chlorinated  paraffin  in  combination  with 

corn  oil  caused  tumors  when  force  fed  at  very  high  doses  to  rats 
and  mice  over  long  periods  of  time.  The  NTP  also  reported  that 
a  •  43%  chlorinated  paraffin  under  th©  same  conditions  caused 

an  increase  in  tumors  only  in  male  mice. 


BQ-UTES  QF  EXPOSURE 

INHALATION.  Under  norma  1  use  conditions.  this  product  is  nontoxic, 
however.  under  significant  decomposition  conditions, 

m 1 1 d- to-moderate  irritation  of  the  upper  respiratory  tract  can 
occur  due  to  evolution  of  hydrogen  chloride  gas 

SKIN  CONTACT.  May  produce  mild  irritation  which  is  readily 
reversible  Not  known  to  be  a  sensitizer. 

SKIN  ABSORPTION  Not  readily  absorbed  through  skm 

EYE  CONTACT  May  produce  mild  transient  irritation. 

INGESTION  Not  expected  to  produce  toxic  effects  when  ingested 

EFFECTS  QF  OVEREXPOSURE 

ACUTE  May  produce  mild,  reversible  Skin  and  eye  irritation 

CHRONIC  The  toxicity  profile  would  Suggest  a  slight  Hazard  to  those 
chronically  exposed  to  this  product  The  liver  is  th«  probable 
target  organ .  should  massive  Systemic  poisoning  occur 

EMERGENCY  AND  first  AID  PROCEDURES 

EYES  OBJECT  IS  TO  FLUSH  MATERIAL  OUT .  THEN  SEEK  MEDICAL  ATTENTION 
IMMEDIATELY  flush  eyes  with  large  amounts  of  water  for  at  'east  15 
minutes.  Holding  1  ins  apart  to  ensure  f lushing  of  the  out  ire  eye 
surface  Seek  medical  attention 

SKIN  Wash  contaminated  areas  with  soap  and  water  Do  not  use 
solvents  for  cleaning 

INHALATION  Under  fire  conditions.  get  person  out  of  contaminated 
area  to  f'-esh  air  If  breathing  has  stopped,  resuscitate  and 
administer  oxygen,  if  readily  available.  Seek  medical  attention 
immed lately 

INGESTION.  NEVER  give  anything  Oy  mouth  to  an  unconscious  person  If 
Swallowed.  DO  NOT  INDUCE  VOMITING  If  vomiting  occurs 
spont  aneous  l  y .  keep  airway  dear  Seek  medical  attention 

immed lately 

NOTES  TO  PHYSICIAN  No  skin  sens  1 1 izat ion  is  associated  with  the 
hand  1  i rig  of  this  product 
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VI.  REACTIVITY  DATA 

CONDITIONS  CONTRIBUTING  TO  INSTABILITY:  Elevated  temperatures  aiid 

strong  alkalies  will  promote  the  decomposition  of  this  product. 
The  thermal  decomposition  Is  a  t Ime/temperature  relationship.  At 
normal  room  temperatures .  decomposition  is  virtually  nil.  At 
temperatures  above  315°C,  decomposition  Is  rapid  with  resultant 
discoloration  and  hydrogen  chloride  release.  This  decomposition 
does  not  present  any  fire  or  explosive  hazard. 

INCOMPATIBILITY:  This  product  will  deteriorate  with  subsequent 

darkening  and  eventual  decomposition  when  exposed  to  elevated 
temperatures  or  strong  alkalies.  The  presence  of  iron  or  zinc  in 
any  form  will  catalyze  this  deterioration. 

HAZARDOUS  DECOMPOSITION  PRODUCTS:  Under  fire  conditions.  this 

product  will  decompose  to  give  off  hydrogen  chloride  gas  and  traces 
of  fragmented  short-chain  hydrocarbons  Under  these  conditions, 
sufficient  hydrogen  chloride  is  given  off  to  necessitate  the  use  of 
self-contained  breathing  apparatus.  Held  at  175°C  for  4  hours, 
this  product  will  give  off  a  maximum  of  0.5  weight  percent  hydrogen 
ch 1 or  1 de . 

CONDITIONS  CONTRIBUTING  TO  HAZARDOUS  POLYMERIZATION:  Not  known  to 

polymer ize. 


VII.  ENVIRONMENTAL  PROCEDURES 

SPILLS  OR  RELEASES:  If  mater  la  1  is  spTTTed  or  re  1  eased  to  the 
atmosphere.  steps  should  be  taken  to  contain  liquids  and  prevent 
discharges  to  streams  or  sewer  systems:  and  control  or  stop  the 
loss  of  volatile  materials  to  the  atmosphere.  Spills  or  releases 
should  be  reported,  if  required  to  the  appropriate  local,  state  and 
federal  regulatory  agencies. 

DISPOSAL  OR  STORAGE:  Clean-up  action  should  be  carefully  planned  and 
executed.  Shipment.  storage.  and/or  disposal  of  waste  materials 
are  regulated  and  action  to  handle  spilled  or  released  materials 
must  meet  the  ’toplicable  rules.  If  any  question  exists.  the 
appropriate  agencies  should  be  contacted  to  assure  proper  action 
being  taken. 


VIII.  INDUSTRIAL  HYGIENE  CONTROL  MEASURES 


VENTILATION  REQUIREMENTS  No  special  ventilation  required  under 
normal  use  Use  local  exhaust  ventilation  where  the  product  is 
heated  or  mist,  spray,  dust  or  vapor  may  be  generated 

SPECIFIC. personal  protective  equipment 

RESPIRATORY  Respiratory  protection  Is  not  required  under  norma  1 
use.  Use  NIOSH/MSHA  approved  respiratory  orotect ion  following 
manufacturer’s  recorrmendat  ions  where  mist,  spray,  dust  or  vapor  may 
be  generated  and  where  the  product  is  heated 

EYE.  Face  shield  and  goggles  or  chemical  goggles  should  be  worn 
where  mist,  spray  or  dust  may  be  generated  or  where  the  product  's 
heated . 

GLOVES.  Impervious  gloves  should  be  worn  Cotton  gloves  have  been 
recommended . 

OTHER  CLOTHING  AND  EQUIPMENT  Standard  work  clothing  Standard  work 
shoes  Shoes  that  can  not  be  decontaminated  should  be  discarded 
Wash  contaminated  clothing  with  soap  and  water  and  dry  before 
reuse  Shower  and  eyewash  facilities  should  be  accessible 

MONITORING  exposure 

BIOLOGICAL  No  applicable  methods 

PERSONAL /AREA .  Procedures  appl i cable  to  total  dust  or  mist  can 
measure  exposure,  the  low  vapor  pressure  minimizes  loss  during 
samp  1  i ng 
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IX.  SPECIAL  PRECAUTIONS 


SIGNAL  WORD:  WARNING  I 

STATEMENT  OF  HAZARDS; 
MAY  CAUSE  IRRITATION 


PRECAUT I ONARY  STATEMENTS : 

Avoid  contact  with  eyes,  skin,  and  clothing. 

Wash  thoroughly  after  handling. 

Do  not  take  internally. 

KEEP  OUT  OF  REACH  OF  CHILDREN. 

See  the  Material  Safety  Data  Sheet  for  more  detailed  information  on 
safe  handling. 

FIRST  AID: 

IN  CASE  OF  CONTACT: 


For  eyes:  Immediately  flush  with  plenty  or  water  for  at  least  15 
minutes,  holding  eyelids  apart  to  ensure  flushing  of  entire  eye 
surface.  If  irritation  persists,  seek  medical  attention. 


For  skin:  Wash  with  plenty  of  soap  and  water;  remove  contaminated 
clothing.  If  irritation  persists,  seek  medical  attention. 


IF  INHALED:  Under  fire  conditions,  get  person  out  of  contaminated 
area  to  fresh  air.  If  breathing  has  stopped,  resuscitate  and 
administer  oxygen.  if  readily  available.  Seek  medical  attention 
immediately . 


IF  SWALLOWED:  NEVER  give  anything  by  mouth  to  an  unconscious 
person.  If  swallowed.  DO  NOT  INDUCE  VOMITING.  If  vomiting 
occurs  spontaneous  1  y .  keep  airway  dear.  Seek  medical  attention 
immed late  1 y . 

IN  CASE  OF  FIRE;  Use  pressure-demand .  self-contained  breathing 
apparatus  as  this  product.  at  high  temperatures .  releases  hydrogen 
chloride  (HC1)  gas. 

IN  CASE  OF  SPILL  OR  LEAK.  Observe  handl ing  precautions  Leaks 
should  be  stopped-  Spills  should  be  contained.  then  cleaned  up 
using  vacuum  truck  or  absorbent  material  and  removed  to  approved 
waste  disposal  area 

STORAGE.  AND  DISPOSAL 

STORAGE  To  prevent  deter iorat ion .  with  subsequent  d i sco 1 orat i on  and 
possible  decomposition  with  liberation  of  hydrogen  chloride  gas. 
storage  temperatures  for  this  product  should  not  exceed  66*C. 

DISPOSAL  Package,  store,  transport  and  dispose  of  all  clean-uo 
materials  and  any  contaminated  equipment  in  accordance  with  all 
applicable  federal,  state.  and  local  health  and  env i ronmenta 1 
regulations.  Shipments  of  waste  materials  may  be  subject  to 
manifesting  requirements  per  applicable  regulations  Appropriate 
disposal  will  depend  on  the  nature  of  the  waste  material  and  should 
be  performed  by  competent  and  properly  permitted  contractors 
Ensure  that  all  responsible  federal.  state.  and  local  agencies 
receive  proper  notification  of  disposal 


00  NOT  SWALLOW  FOR  INDUSTRIAL  USE  ONLY  READ  TECHNICAL  DATA 

bulletin  a no  material  safety  data  sheet  on  this  product  before  using 


for  industrial  use  only 


LASEL  051386M1290 
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DISTRIBUTION  LIST 


Commander 

Armament  Research,  Development  and  Engineering  Center 
■>  U.S.  Army  Armament,  Munitions  and  Chemical  Command 

ATTN:  SMCAR-IMI-I  (5) 

SMCAR-AEE  (3) 

SMCAR-AEE-WE  (10) 

Picatinny  Arsenal,  NJ  07806-5000 


Commander 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  AMSMC-GCL 
Picatinny  Arsenal,  NJ  07806-5000 


Administrator 

Defense  Technical  Information  Center 
ATTN:  Accessions  Division  (12) 

Cameron  Station 
Alexandria.  VA  22304-6145 


Director 

U.S.  Army  Materiel  Systems  Analysis  Activity 

ATTN:  AMXSY-MP 

Aberdeen  Proving  Ground,  MD  21005-5066 


Commander 

Chemical  Research,  Development  and  Engineering  Center 
U.S.  Army  Armament.  Munitions  and  Chemical  Command 
ATTN:  SMCAR-MSI 
Aberdeen  Proving  Ground.  MD  21010-5423 


Commander 

Chemical  Research,  Development  and  Engineering  Center 
U.S.  Army  Armament.  Munitions  and  Chemical  Command 
ATTN:  SMCAR-RSP-A 

Aberdeen  Proving  Ground.  MD  201010-5423 
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Director 

Ballistic  Research  Laboratory 
ATTN:  AMXBR-OD-ST 

AMCBR-TBD,  Philip  M.  Howe 
AMCBR-TB-E,  Robert  B.  Frey 
SLCBR-TB-EE,  Larry  Vande  Kieft 
AMCBR-TB-EE,  J.  Starkenbert 
Aberdeen  Proving  Ground,  MD  21005-5066 


Chief 

Benet  Weapons  Laboratory,  CCAC 

Armament  Research,  Development  and  Engineering  Center 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 

ATTN:  SMCAR-CCB-TL 

Watervliet,  NY  12189-5000 


Commander 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  SMCAR-ESP-L 

Rock  Island.  IL  61299-6000 


Director 

U.S.  Army  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range;  NM  88002 


Commander 

Naval  Surface  Weapons  Center 
ATTN:  Code  R12.S.  Coffey 

S.  Nesbit 
H.  Sandusky 
P.  Taylor 
Code  R121,  M.  Stosz 
Code  R122,  l.  Roslund 
Technical  Library 
Silver  Spring,  MD  20902-5000 
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Commander 
Naval  Weapons  Center 
ATTN:  Code  389,  Thomas  Boggs 
Code  388,  C.  F.  Prive 
Code  3835,  K.  L.  Grahm 
Code  3264,  R.  J.  Cramer 
Technical  Library 
China  Lake,  CA  93555 


Center  for  Explosives  Technology  and  Research 
ATTN:  Per-Anders  Person 
Andrew  Block-Bolten 
Taylor  B.  Joyner 
Marc  A.  Meyers 
Edward  M.  Roy 
Technical  Library 
New  Mexico  Tech 
Socorro,  NM  87801 


Sandia  National  Laboratories 
ATTN :  Div  2525,  R.  W.  Bickes.  Jr. 

Technical  Library 
P.O.  Box  5800 
Albuquerque.  NM  94550 


Sandia  National  Laboratories 
ATTN:  Div  8357.  R.  W.  Carling 

C.  F.  Melius 

P.O.  Box  969 
Livermore.  CA  94550 


Los  Alamos  National  Laboratory 
ATTN:  CHM-1  MS  G740.  N.  R.  Greiner 

MS  P952.  R.  P.  Engleke 
M-8.  MS  J960.  J.  B.  Ramsay 
Technical  Library 
Los  Alamos.  NM  87545 
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Lawrence  Livermore  National  Laboratory 
ATTN:  L-324,  R.  R.  McGuire 
L-386,  E.  L.  Lee 
M.  Finger 
L.  Green 
Technical  Library 
Livermore,  CA  94550 


Hercules,  Inc. 

Sunflower  Army  Ammunition  Plant 
ATTN:  D.  William  Gearhart 

Box  549 

Desoto.  KS  66018 


Commander 

Eglin  Air  Force  Base 

ATTN:  AFATL-DLJE,  Gary  Parson 

Eglin  Air  Force  Base,  FL  32542-5000 


Joseph  Hershkowitz 
305  Passaic  Avenue 
West  Cardwell.  NJ  07006 


Mr.  Wallace  E.  Voreck,  Jr. 
44  E.  Shore  Trail 
Sparta,  NJ  07871 


Irving  B.  Aksl 
Idos  Corporation 
1 032  Duncan  Street 
Pama.  TX  79065 


Thermex  Energy  Corporation 
13601  Preston  Road.  Suite  900W 
ATTN:  O.  Machacek 

Dallas.  TX  76240 
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Commander 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  SMCAR-LEM,  Bill  Fortune 
Rock  Island,  IL  61299-6000 


Commander 

Louisiana  Army  Ammunition  Plant 
ATTN:  SMCLA-CO,  LTC  Gary  F.  Andrews 

S.  J.  Shows 
William  Sanford 

T.  F.  Davidson 

P.O.  Box  30058 
Shreveport,  LA  71130-5000 


Rodolf  W.  Velicky 
1 0  John  Henry  Dr. 
Montville,  NJ  07045 


Oxidental  Chemical  Co. 

545  East  John  Carpenter  Freeway 
Suite  1020 

ATTN:  Mr.  Richard  Peters 

Irving,  TX  75062 
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